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(57) ABSTRACT 

An analog-digital conversion circuit includes a comparator 
that receives an analog input signal. A controller generates an 
N1-bit first signal and an N2B-bit second signal in accor 
dance with an output signal from the comparator. A first 
digital-analog converter generates a first reference signal 
from the first signal. A second digital-analog converter gen 
erates a second reference signal from the second signal. A 
correction circuit corrects the first and second signals togen 
erate a digital output signal. The N2B-bit second signal is 
acquired by adding a Kbit correction signal to an N2A-bit 
signal. The controller sequentially sets bit values of the first 
signal and bit values of the second signal in accordance with 
the output signal of the comparator. The correction circuit 
generates the (N1+N2A)-bit digital output signal based on a 
Sum of a value acquired by multiplying the N1-bit first signal 
by 2N2A and a value of the N2B-bit second signal. 
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Fig. 12 
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ANALOG-DIGITAL CONVERSION CIRCUIT 
AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2013-001889, filed on Jan. 9, 2013, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 This disclosure relates to an analog-digital conver 
sion circuit and an analog-digital conversion method. 

BACKGROUND 

0003. An analog-digital (A/D) conversion circuit for con 
Verting an analog input signal into a digital output signal has 
been used in various fields. For example, microcomputers and 
system LSIs include a Successive-approximation type A/D 
conversion circuit. The Successive-approximation type A/D 
conversion circuit samples an analog input signal and com 
pares the analog input signal with a comparison Voltage 
acquired from an output signal of a digital-analog converter 
(D/A converter). The successive-approximation type A/D 
conversion circuit repeats the operation from high-order bits 
to low-order bits of the digital output signal to determine a 
value of each bit of the digital output signal. Japanese Laid 
Open Patent Publication No. 2010-16466 and Japanese Laid 
Open Patent Publication No. 2003-283336 describe the con 
figuration of Such Successive-approximation type A/D 
conversion circuits. 
0004. In the successive-approximation type A/D conver 
sion circuit, each time A/D conversion of each bit is per 
formed, a capacitor is charged or discharged by the output 
signal of the D/A converter. This changes the comparison 
voltage. Thus, the output signal of the D/A converter, which 
charges or discharges the capacitor, changes depending on a 
comparison result of a previous bit. Time required to charge 
or discharge the capacitor is affected by speed-up of A/D 
conversion. However, when a period of a charging and dis 
charging cycle decreases due to speed-up of A/D conversion, 
the capacitor may not be sufficiently charged or discharged. 
This results in a difference between a Voltage corresponding 
to the comparison result of the previous bit and the compari 
son Voltage acquired through charging or discharging of the 
capacitor. Such a Voltage difference may cause erroneous 
determination in the comparison operation of a next bit and 
decrease the accuracy of the digital output signal. 

SUMMARY 

0005 One aspect of this disclosure is an analog-digital 
conversion circuit that converts an analog input signal into a 
digital output signal. The analog-digital conversion circuit 
includes a comparator including a first input terminal that 
receives the analog input signal. A controller is configured to 
generate a first signal and a second signal in accordance with 
an output signal from the comparator. A first digital-analog 
converter is configured to generate a first reference signal 
based on the first signal. A second digital-analog converter is 
configured to generate a second reference signal based on the 
second signal. A first capacitive element includes a first ter 
minal that receives the first reference signal and a second 
terminal coupled to a second input terminal of the compara 
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tor. A second capacitive element includes a first terminal that 
receives the second reference signal and a second terminal 
coupled to the second input terminal of the comparator. A 
correction circuit is configured to correct the first signal and 
the second signal to generate the digital output signal. The 
first signal is an N1-bit digital signal. The second signal is an 
N2B-bit digital signal acquired by adding a Kbit correction 
signal to an N2A-bit signal. The controller is configured to 
sequentially set bit values of the first signal and bit values of 
the second signal in accordance with the output signal of the 
comparator. The correction circuit is configured to generate 
the digital output signal of (N1+N2A) bits based on a sum of 
a value acquired by multiplying the N1-bit digital signal 
generated by the controller by 2N2A and a value of the 
N2B-bit digital signal generated by the controller. 
0006 Additional objects and advantages of the invention 
will be set forth in part in the description which follows, and 
in part will be obvious from the description, or may be learned 
by practice of the invention. The objects and advantages of the 
invention will be realized and attained by means of the ele 
ments and combinations particularly pointed out in the 
appended claims. 
0007. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The embodiment, together with objects and advan 
tages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments 
together with the accompanying drawings in which: 
0009 FIG. 1 is a schematic block circuit diagram illustrat 
ing an analog-digital conversion circuit; 
0010 FIG. 2 is a view illustrating the operation of the 
analog-digital conversion circuit in FIG. 1; 
0011 FIG. 3 is a schematic block circuit diagram of a 
controller in FIG. 1; 
0012 FIG. 4 is a schematic block circuit diagram illustrat 
ing a correction circuit in FIG. 1; 
0013 FIG. 5 is a view illustrating the operation of a 
decoder in FIG. 3; 
0014 FIG. 6 is a view illustrating the operation of a cor 
rection circuit in FIG. 4; 
0015 FIG. 7 is a view illustrating digitally-corrected out 
put signals acquired when a control signal generated by the 
controller changes; 
(0016 FIGS. 8A, 8B, 9A, and 9B are views illustrating the 
operation of the analog-digital conversion circuit; 
0017 FIGS. 10, 11, and 12 are a schematic flow chart 
illustrating analog-digital conversion processing: 
0018 FIG. 13 is a schematic block circuit diagram illus 
trating an analog-digital conversion circuit in a comparison 
example; 
0019 FIGS. 14A and 14B are views illustrating the opera 
tion of the analog-digital conversion circuit in FIG. 13; 
0020 FIG. 15 is a view illustrating the operation of the 
analog-digital conversion circuit in FIG. 13; and 
0021 FIGS. 16A and 16B are views illustrating the opera 
tion of the analog-digital conversion circuit in FIG. 13. 

DESCRIPTION OF THE EMBODIMENTS 

0022. One embodiment will now be described below. 
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0023. As illustrated in FIG.1, a successive-approximation 
type analog-digital conversion circuit 10 (hereinafter referred 
to as merely A/D conversion circuit 10) converts an analog 
input signal VIN into a digital output signal DO. 
0024. The A/D conversion circuit 10 includes a sample 
hold circuit 11, a comparator 12, a successive-approximation 
controller 13, digital-analog converters 14 and 15 (hereinafter 
referred to as first and second D/A converters 14 and 15), 
capacitors 16 and 17, and a switch 18. In this embodiment, the 
Successive-approximation controller 13 is a Successive-ap 
proximation register (SAR) logic circuit (hereinafter referred 
to as SAR logic circuit 13). Each of the D/A converters 14 and 
15 is represented as “DAC in FIG. 1. 
0025. The sample-hold circuit 11 includes, for example, 
Switches and capacitors. The sample-hold circuit 11 Samples 
the analog input signal VIN and holds a sampling value. The 
sampling value held by the sample-hold circuit 11 is Supplied 
to the comparator 12. Since the sampling value represents the 
analog input signal VIN held by the sample-hold circuit 11, 
the sampling value Supplied to the comparator 12 is hereafter 
regarded as the analog input signal VIN. 
0026. The comparator 12 includes a first terminal for 
receiving the analog input signal VIN and a second terminal 
for receiving a comparison reference signal Vref, and gener 
ates a comparison signal Sc representing a result of compari 
son between the analog input signal VIN and the comparison 
reference signal Vref. For example, when the analog input 
signal VIN is higher than the comparison reference signal 
Vref, the comparator 12 generates the comparison signal Sc 
of a first level (e.g., H level). When the analog input signal 
VIN is lower than the comparison reference signal Vref, the 
comparator 12 generates the comparison signal Sc of a sec 
ond level (e.g., L level). 
0027. The SAR logic circuit 13 generates a first control 
signal DU for the first D/A converter 14 and a second control 
signal DL for the second D/A converter 15. The first control 
signal DU is one example of a first signal, and the second 
control signal DL is one example of a second signal. Based on 
the comparison signal Sc of the comparator 12, the SAR logic 
circuit 13 sequentially sets the values of a plurality of bits of 
the first control signal DU and the values of a plurality of bits 
of the second control signal DL. 
0028. The first D/A converter 14 is a multi-bit D/A con 
verter including, for example, ladder resistors. The first D/A 
converter 14 generates an output signal Va having a Voltage 
value corresponding to the bits of the first control signal DU. 
0029. The second D/A converter 15 is a multi-bit D/A 
converter including, for example, ladder resistors. The second 
D/A converter 15 generates an output signal Vb having a 
Voltage value corresponding to the bits of the second control 
signal DL. The number of bits of the first D/A converter 14 
and the number of bits of the second D/A converter 15 are set 
according to the number of bits of the digital output signal DO 
and the number of bits of a correction signal. 
0030 Given that the number of bits of the digital output 
signal DO is “Nx', the number of high-order bits of the digital 
output signal DO is “N1, and the number of low-order bits of 
the digital output signal DO is “N2A, the number of bits NX 
of the digital output signal DO is acquired as a Sum of the 
number of high-order bits N1 and the number of low-order 
bits N2A (i.e., NX=N1+N2A). In this embodiment, the num 
ber of bits of the first D/A converter 14, that is, the number of 
bits of the first control signal DU is set to the number of 
high-order bits “N1 of the digital output signal DO. The 
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number of bits of the correction signal is represented as “K”. 
In this embodiment, the number of bits of the second D/A 
converter 15, that is, the number of bits of the second control 
signal DL is set to a sum “N2A+K” of the number of low 
order bits N2A and the number of bits K of the correction 
signal. In the following description, the number of bits of the 
first D/A converter 14 is referred to as "N1, and the number 
of bits of the Second D/A converter 15 is referred to as “N2B 
(N2A+K). 
0031. Further, in the following description, the first D/A 
converter 14 may be referred to as high-order DAC, and the 
second D/A converter 15 may be referred to as low-order 
DAC. The first control signal DU may be referred to as high 
order DAC code, and the second control signal DL may be 
referred to as low-order DAC code. 

0032. The first D/A converter 14 includes 2N1 resistors 
corresponding to the number of bits N1 as the ladder resistors. 
The symbol 'A' represents an operator for power. The first 
D/A converter 14 divides a potential difference between a 
high potential-side reference voltage VRH and a low poten 
tial-side reference voltage VRL to generate a plurality of 
divided Voltages, selects one of the divided Voltages accord 
ing to the first control signal DU, and generates the output 
signal Va having a value of the selected divided Voltage. 
Similarly, the second D/A converter 15 includes 2N2B resis 
tors corresponding to the number of bits N2B as the ladder 
resistors. The second D/A converter 15 divides the potential 
difference between the reference voltage VRH and the refer 
ence Voltage VRL to generate a plurality of divided Voltages, 
selects one of the divided Voltages according to the second 
control signal DL, and generates the output signal Vb having 
a value of the selected divided voltage. The reference voltages 
VRH and VRL are set according to voltages in a full scale 
range (hereinafter referred to as FSR) of the analog input 
signal VIN. 
0033. An output terminal of the first D/A converter 14 is 
coupled to a first terminal of the first capacitor 16. A second 
terminal of the first capacitor 16 is coupled to the second 
terminal of the comparator 12. An output terminal of the 
second D/A converter 15 is coupled to a first terminal of the 
second capacitor 17. A second terminal of the second capaci 
tor 17 is coupled to the second terminal of the comparator 12. 
That is, the output terminal of the first D/A converter 14 and 
the output terminal of the second D/A converter 15 are capaci 
tively coupled to the second terminal of the comparator 12 by 
the first capacitor 16 and the second capacitor 17. 
0034. A first reference signal Vr1 is generated at the sec 
ond terminal of the first capacitor 16. The first reference 
signal Vr1 has a Voltage corresponding to a capacitance value 
C1 of the first capacitor 16 and a voltage value of the output 
signal Va of the first D/A converter 14. A second reference 
signal Vr2 is generated at the second terminal of the second 
capacitor 17. The second reference signal Vr2 has a voltage 
based on a capacitance value C2 of the second capacitor 17 
and the voltage value of the output signal Vb of the second 
D/A converter 15. Consequently, the comparison reference 
signal Vrefacquired by combining the first reference signal 
Vr1 and the second reference signal Vr2 is supplied to the 
second terminal of the comparator 12. 
0035. The capacitance value C1 of the first capacitor 16 
and the capacitance value C2 of the second capacitor 17 are 
set according to the number of bits “Nx' of the digital output 
signal DO and the number of bits “K” of the correction signal. 
The capacitance value C1 of the first capacitor 16 is set 
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according to the number of low-order bits “N2A' (=NX-N1) 
of the digital output signal DO. For example, the capacitance 
value C1 is set to a value (C2N2A) acquired by multiplying 
the unit capacitance value C by 2N2A. The symbol “*” 
represents multiplication. That is, the capacitance value C1 is 
set to a ratio of the power of 2 using the number of low-order 
bits N2A of the digital output signal DO as an exponent. The 
capacitance value C2 of the second capacitor 17 is set accord 
ing to the number of bits “K” of the correction signal. For 
example, the capacitance value C2 of the second capacitor 17 
is set to a value (C2K) acquired by multiplying the unit 
capacitance value C by 2K. That is, the capacitance value C2 
is set to a ratio of the power of 2 using the number of bits K of 
the correction signal as an exponent. 
0036. The setting of the capacitance values C1 and C2 
described above makes the amount of change of 1 LSB (Least 
Significant Bit) of the reference signals Vr1 and Vr2 equal. 
The amount of change of 1 LSB corresponds to the amount of 
change of the analog input signal VIN at the time when the 
value of the least significant bit (LSB) of the digital output 
signal DO changes. Hereinafter, the amount of signal (for 
example, Voltage value) corresponding to 1 LSB is regarded 
as merely 1 LSB. 
0037 For example, the number of bits of the first D/A 
converter 14 is set to “2” (N1=2), the number of bits of the 
second D/A converter 15 is setto “3” (N2B-3, N2A-2, K=1), 
and the number of bits of the digital output signal DO is set to 
“4” (Nx=4). In this case, FSR of the analog input signal VIN 
is expressed as 16 (that is, 24) LSB. The first D/A converter 
14 includes 22 resistance elements that are serially-coupled. 
The second D/A converter 15 includes 23 resistance ele 
ments that are serially-coupled. The first D/A converter 14 
and the first capacitor 16 generate the first reference signal 
Vr1 in the range of 16 LSB (0. 4, 8, 12 LSB) according to the 
number of bits “4” of the digital output signal DO. The second 
D/A converter 15 and the second capacitor 17 generate the 
second reference signal Vr2 in the range of 8 LSB (OLSB to 
7 LSB) according to the number of bits “3”. 
0038. That is, the first D/A converter 14 and the first 
capacitor 16 generate the first reference signal Vr1 weighted 
according to the high-order bits (N1 bits) of the NX-bit digital 
output signal DO. The second D/A converter 15 and the 
second capacitor 17 generate the second reference signal Vr2 
weighted according to the low-order bits (N2A bits) of the 
Nx-bit digital output signal DO. The second D/A converter 15 
and the second capacitor 17 change the second reference 
signal Vr2 by the larger amount of change than the amount of 
change of the first reference signal Vr1 according to change in 
the least significant bit of the N1-bit first control signal DU. 
0039. For example, the first D/A converter 14 includes 
four (that is, 22) serially-coupled resistance elements 
according to the number of bits “2 (N1). The second D/A 
converter 15 includes eight (that is, 23) serially-coupled 
resistance elements according to the number of bits “3 
(N2A). The reference voltages VRH and VRL are supplied to 
the first D/A converter 14 and the second D/A converter 15. A 
resistance value of each of the resistance elements of the first 
D/A converter 14 is set to be equal to a resistance value of 
each of the resistance elements of the second D/A converter 
15. This simplifies formation of the resistance elements of the 
first D/A converter 14 and the resistance elements of the 
second D/A converter 15. 

0040. In the first D/A converter 14 and second D/A con 
verter 15 described above, when the least significant bit of the 
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second control signal DL changes (for example, “0” to “1”), 
the amount of change of the output signal Vb is a half of the 
amount of change of the output signal Va at the time when the 
least significant bit of the first control signal DU changes. 
Thus, the capacitance value C1 of the first capacitor 16 
coupled to the first D/A converter 14 is set to be 22 times of 
the unit capacitance value C, and the capacitance value C2 of 
the second capacitor 17 coupled to the second D/A converter 
15 is set to be 21 times of the unit capacitance value C. As a 
result, the first reference signal Vr1 in the range of 16 LSB (0. 
4, 8, 12 LSB) is generated based on the output signal Va of the 
first D/A converter 14 that serves as the high-order DAC, and 
the second reference signal Vr2 in the range of 8 LSB (0 to 7 
LSB) is generated based on the output signal Vb of the second 
D/A converter 15 that serves as the low-order DAC. 

0041. A first terminal of the switch 18 is coupled to a node 
19 between the comparator 12 and the capacitors 16 and 17. 
A second terminal of the switch 18 is coupled to a wiring to 
which a low-potential power voltage VSS is supplied. The 
low-potential power voltage VSS is, for example, OIV). The 
low-potential power voltage VSS is one example of a refer 
ence voltage. The switch 18 is turned on/off according to a 
control signal C0 generated by the SAR logic circuit 13. 
When the switch 18 is turned on, the potential of the node 19 
is set to be equal to the low-potential power voltage VSS. That 
is, the turned-on switch 18 resets the node 19 to the level of a 
given potential (low-potential power voltage VSS). A combi 
nation of the capacitors 16 and 17 and the switch 18 is one 
example of a signal generation circuit. 
0042. The SAR logic circuit 13 includes a controller 21 
and a correction circuit 22. The controller 21 generates the 
first control signal DU for the first D/A converter 14 (high 
order DAC), the second control signal DL for the second D/A 
converter 15 (low-order DAC), and the control signal C0 for 
controlling the switch 18. 
0043 First, the controller 21 sets an initial value of the first 
control signal DU and an initial value of the second control 
signal DL. Subsequently, the controller 21 performs binary 
search of the first D/A converter 14, and then sets the bit 
values of the first control signal DU from the initial value. 
After binary search of the first D/A converter 14, the control 
ler 21 performs binary search of the second D/A converter 15, 
and then sets the bit values of the second control signal DL 
from the initial value. 

0044) The controller 21 initializes the capacitors 16 and 17 
together with the D/A converters 14 and 15. In initialization, 
the controller 21 sets respective initial values of the control 
signals DU and DL, and turns on the switch 18. For example, 
an initial value I1 of the first control signal DU is setto “0”. An 
initial value I2 of the second control signal DL is set to 
“2 (N2B-1)-2(Nx-N1-1). “Nx-N1 represents the num 
ber of low-order bits N2A of the digital output signal DO. 
Consequently, the initial value I2 is expressed as “2 (N2B 
1)-2 (N2A-1). The value of “2(N2B-1) corresponds to /2 
of the changeable range of the second reference signal Vr2 
according to the second control signal DL. The value of 
“2 (N2A-1) falls within the range according to the number 
of low-order bits N2A of the digital output signal DO, and 
corresponds to /2 of the amount of change in one step of the 
first reference signal Vr1. Consequently, the initial value I2 
corresponds to /2 of a difference between the changeable 
range of the second reference signal Vr2 and the amount of 
change in one step of the first reference signal Vr1. 
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0045. The D/A converters 14 and 15 generate the output 
signals Va and Vb, respectively, according to the initial values 
of the control signals DU and DL. The turned-on switch 18 
resets the potential of the node 19, that is, the second termi 
nals (electrodes) of the capacitors 16 and 17 to the level of the 
low-potential power voltage VSS. The low-potential power 
voltage VSS is, for example, OIV). Consequently, an electri 
cal charge corresponding to the initial value of the control 
signal DU and the capacitance value C1 is accumulated in the 
capacitor 16. Similarly, an electrical charge corresponding to 
the initial value of the control signal DL and the capacitance 
value C2 is accumulated in the capacitor 17. The electrical 
charge accumulated in the capacitor 16 and the electrical 
charge accumulated in the capacitor 17 offset the reference 
signals Vr1 and Vr2, that is, the comparison reference signal 
Vref with respect to the output signals Va and Vb, respec 
tively, in a given direction (for example, to a negative Voltage 
side). That is, the controller 21 initializes the D/A converters 
14 and 15 and the capacitors 16 and 17, generating the com 
parison reference signal Vrefoffset with respect to the control 
signals DU and DL. 
0046. The correction circuit 22 generates the digital output 
signal DO based on the first and second control signals DU 
and DL generated through Successive approximation. The 
number of bits of the first control signal DU is “N1, and the 
number of bits of the second control signal DL is “N2B 
(=N2A+K). The number of bits of the digital output signal 
DO is “Nx” (=N1+N2A). The correction circuit 22 corrects 
the first and second control signals DU and DL of (NX--K) 
bits, thereby generating the NX-bit digital output signal DO. 
0047 Correction of the control signals DU and DL, that is, 
generation of the digital output signal DO is performed 
according to a following equation, for example. 

0048. Where, “DU’ represents a value of the control sig 
nal DU, and “DL represents a value of the control signal DL. 
I2" represents the initial value I2 (-2 (N2B-1)-2(Nx-N1 
1)) of the second control signal DL (low-order DAC code). 
The exponent “Nx-N1 corresponds to the number of low 
order bits N2A of the digital output signal DO. 
0049. Next, conversion processing of the A/D conversion 
circuit 10 will now be described. Since the SAR logic circuit 
13 includes the controller 21 and the correction circuit 22, 
processing in the controller 21 and the correction circuit 22 
will now be described as processing in the SAR logic circuit 
13. 

0050 First, summary of the conversion processing will 
now be described. In initialization step T0, the controller 21 
initializes the D/A converters 14 and 15 and the capacitors 16 
and 17. Next, the controller 21 repeats the comparison step 
N1 times to set the bit values of the first control signal DU for 
the first D/A converter 14 through binary search. Next, the 
controller 21 repeats the comparison step N2B times to set the 
bit values of the second control signal DL for the second D/A 
converter 15 through binary search. That is, the controller 21 
performs comparison steps T1 to T(N1+N2B), and sequen 
tially sets the bit values of the first control signal DU and the 
bit values of the second control signal DL. Next, in compari 
son end step Te, the controller 21 sets the least significant bit 
of the low-order DAC code. Next, in output step To, the 
controller 21 generates the digital output signal DO based on 
the first control signal DU and the second control signal DL. 
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0051. As illustrated in FIG. 10, first, in Initialization step 
T0, the controller 21 sets the initial value I2 (-2 (N2B-1)- 
2 (Nx-N1-1)) to the low-order DAC code (second control 
signal DL), and sets the initial value I1 (=O) to the high-order 
DAC code (first control signal DU). Further, the controller 21 
turns on the switch 18 illustrated in FIG. 1 and then turns off 
the Switch 18. 
0052. In the first comparison (comparison step T1), the 
controller 21 updates the high-order DAC code (first control 
signal DU) from the initial value I2. For example, the con 
troller 21 sets “2 (N1-1) to the high-order DAC code. That 
is, the most significant bit of the high-order DAC code is set 
to “1”. The comparison reference signal Vrefresponsive to 
updating of the high-order DAC code is Supplied to the com 
parator 12. The comparator 12 compares the analog input 
signal VIN with the comparison reference signal Vref, and 
generates the comparison signal Scindicating the comparison 
result. 
0053. In the second comparison (comparison step T2), the 
controller 21 updates the high-order DAC code according to 
the previous comparison result. For example, when the pre 
vious comparison signal Sc is at “H” level (VINDVref), the 
controller 21 sets the high-order DAC code to a value derived 
by adding “2(N1-2) to the previous high-order DAC code. 
When the previous comparison signal Sc is at "L' level 
(VIN<Vref), the controller 21 sets the high-order DAC code 
to a value derived by subtracting “2(N1-2) from the previ 
ous high-order DAC code. The comparison reference signal 
Vrefresponsive to updating of the high-order DAC code is 
Supplied to the comparator 12. The comparator 12 compares 
the analog input signal VIN with the comparison reference 
signal Vref, and generates the comparison signal Sc indicat 
ing the comparison result. 
0054. In the third comparison (comparison step T3), the 
controller 21 updates the high-order DAC code according to 
the previous comparison result. For example, when the pre 
vious comparison signal Sc is at “H” level (VINDVref), the 
controller 21 sets the high-order DAC code to a value derived 
by adding “2(N1-3)' to the previous high-order DAC code. 
When the previous comparison signal Sc is at "L' level 
(VIN<Vref), the controller 21 sets the high-order DAC code 
to a value derived by subtracting “2(N1-3)' from the previ 
ous high-order DAC code. The comparison reference signal 
Vrefresponsive to updating of the high-order DAC code is 
Supplied to the comparator 12. The comparator 12 compares 
the analog input signal VIN with the comparison reference 
signal Vref, and generates the comparison signal Sc indicat 
ing the comparison result. 
0055. Next, as illustrated in FIG. 11, in the (N1)th com 
parison (comparison step TN1), the controller 21 updates the 
high-order DAC code according to the previous comparison 
result. Processing from the fourth comparison to the (N1-1)th 
comparison is the same as processing of the third comparison 
and thus, figure and description thereof is omitted. In com 
parison step TN1, when the previous comparison signal Scis 
at “H” level (VIN>Vref), the controller 21 sets the high-order 
DAC code to a value derived by adding 1 to the previous 
high-order DAC code. When the previous comparison signal 
Sc is at “L” level (VIN<Vref), the controller 21 sets the 
high-order DAC code to a value derived by subtracting 1 from 
the previous high-order DAC code. The comparison reference 
signal Vrefresponsive to updating of the high-order DAC 
code is Supplied to the comparator 12. The comparator 12 
compares the analog input signal VIN with the comparison 
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reference signal Vref, and generates the comparison signal Sc 
indicating the comparison result. 
0056. In the (N1+1)th comparison (comparison step 
T(N1+1)), the controller 21 updates the low-order DAC code 
(second control signal DL), and updates the high-order DAC 
code according to the previous comparison result. For 
example, the controller 21 sets “2 (N2B-1) to the low-order 
DAC code. That is, the most significant bit of the low-order 
DAC code is set to “1”. When the previous comparison signal 
Sc is at "L' level, the controller 21 sets the high-order DAC 
code to a value derived by subtracting 1 from the previous 
high-order DAC code. The comparison reference signal Vref 
responsive to updating of the high-order DAC code and 
updating of the low-order DAC code is supplied to the com 
parator 12. The comparator 12 compares the analog input 
signal VIN with the comparison reference signal Vref, and 
generates the comparison signal Scindicating the comparison 
result. 
0057. In the (N1+2)th comparison (comparison step 
T(N1+2)), controller 21 updates the low-order DAC code 
according to the previous comparison result. For example, 
when the previous comparison signal Sc is at “H” level, the 
controller 21 sets the low-order DAC code to a value derived 
by adding “2 (N2B-2) to the previous low-order DAC code. 
When the previous comparison signal Sc is at "L' level, the 
controller 21 sets the low-order DAC code to a value derived 
by subtracting “2 (N2B-2) from the previous low-order 
DAC code. The comparison reference signal Vrefresponsive 
to updating of the low-order DAC code is supplied to the 
comparator 12. The comparator 12 compares the analog input 
signal VIN with the comparison reference signal Vref, and 
generates the comparison signal Scindicating the comparison 
result. 
0058. In the (N1+3)th comparison (comparison step 
T(N1+3)), controller 21 updates the low-order DAC code 
according to the previous comparison result. For example, 
when the previous comparison signal Sc is at “H” level, the 
controller 21 sets the low-order DAC code to a value derived 
by adding “2 (N2B-3) to the previous low-order DAC code. 
When the previous comparison signal Sc is at "L' level, the 
controller 21 sets the low-order DAC code to a value derived 
by subtracting “2 (N2B-3)' from the previous low-order 
DAC code. The comparison reference signal Vrefresponsive 
to updating of the low-order DAC code is supplied to the 
comparator 12. The comparator 12 compares the analog input 
signal VIN with the comparison reference signal Vref, and 
generates the comparison signal Scindicating the comparison 
result. 

0059 Next, as illustrated in FIG. 12, in the (N1+N2A)th 
comparison (comparison step T(N1+N2A)), the controller 21 
updates the low-order DAC code according to the previous 
comparison result. Processing from the (N1+4)th comparison 
to the (N1+N2A-1)th comparison is the same as processing 
of the (N+3)th comparison and thus, figure and description 
thereof is omitted. In comparison step T(N1+N2A), when the 
previous comparison signal Sc is at “H” level, the controller 
21 sets the low-order DAC code to a value derived by adding 
“2 (N2B-N2A)' to the previous low-order DAC code. When 
the previous comparison signal Sc is at "L' level, the control 
ler 21 sets the low-order DAC code to a value derived by 
subtracting “2(N2B-N2A) from the previous low-order 
DAC code. The comparison reference signal Vrefresponsive 
to updating of the low-order DAC code is supplied to the 
comparator 12. The comparator 12 compares the analog input 
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signal VIN with the comparison reference signal Vref, and 
generates the comparison signal Scindicating the comparison 
result. 
0060 Processing from the (N1+N2A+1)th comparison to 
the (N1+N2B-1)th comparison is the same as processing of 
(N1+N2A)th comparison and thus, figure and description 
thereof is omitted. 
0061. In the (N1+N2B)th comparison (comparison step 
T(N1+N2B)), the controller 21 updates the low-order DAC 
code according to the previous comparison result. For 
example, when the previous comparison signal Sc is at 'H' 
level, the controller 21 sets the low-order DAC code to a value 
derived by adding 1 to the previous low-order DAC code. 
When the previous comparison signal Sc is at "L' level, the 
controller 21 sets the low-order DAC code to a value derived 
by subtracting 1 from the previous low-order DAC code. The 
comparison reference signal Vrefresponsive to updating of 
the low-order DAC code is supplied to the comparator 12. The 
comparator 12 compares the analog input signal VIN with the 
comparison reference signal Vref, and generates the compari 
son signal Sc indicating the comparison result. 
0062 Next, in comparison result step Te, the controller 21 
updates the low-order DAC code according to the previous 
comparison result. For example, when the previous compari 
son signal Sc is at "L' level, the controller 21 sets the low 
order DAC code to a value derived by subtracting 1 from the 
previous low-order DAC code. 
0063) Next, in output step To, the correction circuit 22 
corrects the high-order DAC code and the low-order DAC 
code to generate the digital output signal DO. For example, 
the correction circuit 22 generates the digital output signal 
DO according to the following expression. 

high-order DAC codex2 (Nx-N1)+low-order DAC 
code-2 (N2B-1)-2 (Nx-N1-1) 

0064. Next, details of the A/D conversion circuit 10 will 
now be described with reference to FIGS. 3 and 4. For con 
venience of understanding, the A/D conversion circuit 10 for 
generating 4-bit (Nx=4) digital output signal DO will be 
described. In the following description, it is assumed that the 
number of high-order bits N1 of the digital output signal DO 
is “2, the number of low-order bits N2A of the digital output 
signal DO is “2, and the number of bits K of the correction 
signal is “1”. 
0065. As illustrated in FIG. 3, the first D/A converter 14 
generates the output signal Va corresponding to the 2-bit 
(N1=2) first control signal DU. The second D/A converter 15 
generates the output signal Vb corresponding to the 3-bit 
(N2B=N2A+K=2+1 =3) second control signal DL. 
0066. The controller 21 includes a counter 31, a decoder 
32, and setting registers 33 and 34. The counter 31 counts a 
clock signal CLK, and generates a given number of bits (for 
example, 3 bits) of input signals IN2 to IN0. The number of 
bits of the input signals IN2 to INO is set according to the 
number of bits of the first D/A converter 14 and the number of 
bits of the second D/A converter 15. The A/D conversion 
circuit 10 performs the initialization step and then, repeats the 
comparison step a number of times corresponding to a Sum 
“5” (=2+3) of the number of bits “2 of the first D/A converter 
14 and the number of bits “3 of the second D/A converter 15, 
thereby generating the digital output signal DO based on the 
first control signal DU and the second control signal DL. 
Thus, the number of bits of the input signals IN2 to INO is set 
according to the number of steps to be performed to generate 
the digital output signal DO. 
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0067. The decoder 32 decodes the input signals IN2 to IN0 
to generate control signals C0 to C6. FIG. 5 illustrates asso 
ciation between the input signals IN2 to IN0 and the control 
signals C0 to C6. 
0068. The switch 18 is turned on according to the control 
signal C0 of H level (logical value “1”), and is turned off 
according to the control signal C0 of L level (logical value 
“0”). For example, the sample-hold circuit 11 samples the 
analog input signal VIN when the control signal C0 is at H 
level, and holds the sampling signal (sampled analog input 
signal VIN) when the control signal C0 is at L level. 
0069. The first setting register 33 generates the first con 

trol signal DU for the first D/A converter 14. The second 
setting register 34 generates the second control signal DL for 
the second D/A converter 15. The first control signal DU is a 
2-bit (N1=2) signal, and includes a control signal DU1 as a 
first bit, that is, the most significant bit (msb) and a control 
signal DUO as a second bit (2sb). The second control signal 
DL is a 3-bit (N2A+K=2+1) signal, and includes a control 
signal DL2 as a first bit, that is, the most significant bit (msb). 
a control signal DL1 as a second bit (2sb), and a control signal 
DL0 as a third bit (3sb). 
0070 The setting register 33 includes two flip-flop circuits 
(hereinafter referred to as FF circuit)41 and 42 corresponding 
to the 2-bit first control signal DU (DU1, DU0). The FF 
circuit 41 includes a reset terminal R for receiving the control 
signal C0, a set terminal S for receiving the control signal C1, 
a data terminal D for receiving the comparison signal Sc., a 
clock terminal CK for receiving the control signal C2, and an 
output terminal O for outputting the control signal DU1. The 
FF circuit 42 includes a reset terminal R for receiving the 
control signal C0, a set terminal S for receiving the control 
signal C2, a data terminal D for receiving the comparison 
signal Sc., a clock terminal CK for receiving the control signal 
C3, and an output terminal Ofor outputting the control signal 
DUO. 

0071. The setting register 34 includes three flip-flop cir 
cuits (hereinafter referred to as FF circuit) 43 to 45 corre 
sponding to the 3-bit second control signal DL (DL2 to DL0) 
and a logical OR circuit (OR circuit) 51. The FF circuit 43 
includes a resetterminal R for receiving the control signal C0. 
a set terminal S for receiving the control signal C3, a data 
terminal D for receiving the comparison signal Sc., a clock 
terminal CK for receiving the control signalC4, and an output 
terminal O for outputting the control signal DL2. 
0072 The control signals C0 and C4 are supplied to the 
OR circuit 51. An output terminal of the OR circuit 51 is 
coupled to a set terminal S of the FF circuit 44. The FF circuit 
44 includes a reset terminal R for receiving the control signal 
C3, a data terminal D for receiving the comparison signal Sc, 
a clock terminal CK for receiving the control signal C5, and 
an output terminal O for outputting the control signal DL1. 
The FF circuit 45 includes a reset terminal R for receiving the 
control signal C0, a set terminal S for receiving the control 
signal C5, a data terminal D for receiving the comparison 
signal Sc., a clock terminal CK for receiving the control signal 
C6, and an output terminal Ofor outputting the control signal 
DLO. 

0073. As illustrated in FIG. 5, the decoder 32 sequentially 
sets one of the control signals C0 to C6 to H level (logical 
value “1”) according to the bit values of the input signals IN2 
to INO which indicate the count value of the counter 31 in 
FIG. 3, that is, the pulse of the clock signal CLK. 
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(0074 The FF circuits 41 to 43 and 45 of the setting regis 
ters 33 and 34 reset the control signals. DU1, DUO, DL2, and 
DL0 in response to the control signal C0 of H level supplied 
to the respective resetterminals R to output the control signals 
DU1, DUO, DL2, and DL0 of L level. 
0075. In response to the control signal C0 of H level and 
the control signal C4 of L level, the OR circuit 51 generates 
the output signal of H level. The output signal of H level from 
the OR circuit 51 is supplied to the set terminal S of the FF 
circuit 44. When the control signal C0 is at H level, the control 
signal C3 supplied to the reset terminal R of the FF circuit 44 
is at L level. Accordingly, the FF circuit 44 sets the control 
signal DL1, and outputs the control signal DL1 of H level. 
0076. In this manner, when the control signal C0 is at H 
level (control signals C1 to C6 are at L level), the setting 
register 33 generates the control signal DU ’00”, and the 
setting register 34 generates the control signal DL “010. A 
cycle period during the control signal C0 being at H level is 
referred to as reset cycle. The control signals DU and DL 
generated by the setting registers 33 and 34 in the reset cycle 
are set as respective initial values. In the embodiment illus 
trated in FIG. 3, the initial value of the control signal DU is 
“0”, and the initial value of the control signal DL is “2. The 
initial values are set according to the number of bits NX of the 
digital output signal DO and the number of bits K of the 
correction signal. 
(0077. The FF circuit 41 sets the control signal DU1 in 
response to the control signal C1 of H level. The FF circuit 41 
latches the comparison signal Sc supplied to an input terminal 
D in response to the control signal C2 of H level, and outputs 
the control signal DU1 having the same level as the latched 
level. The FF circuit 42 sets the control signal DUO in 
response to the control signal C2 of H level. The FF circuit 42 
latches the comparison signal Sc Supplied to the input termi 
nal D in response to the control signal C3 of H level, and 
outputs the control signal DUO having the same level as the 
latched level. 
(0078. The FF circuit 43 sets the control signal DL2 in 
response to the control signal C3 of H level. The FF circuit 43 
latches the comparison signal Sc Supplied to the input termi 
nal D in response to the control signal C4 of H level, and 
outputs the control signal DL2 having the same level as the 
latched level. The FF circuit 44 resets the control signal DL1 
in response to the control signal C3 of H level, and sets the 
control signal DL1 in response to the control signal C4 of H 
level. The FF circuit 44 latches the comparison signal Sc 
Supplied to the input terminal D in response to the control 
signal C5 of H level, and outputs the control signal DL1 
having the same level as the latched level. The FF circuit 45 
sets the control signal DLO in response to the control signal 
C5 of H level. The FF circuit 45 latches the comparison signal 
Sc supplied to the input terminal D in response to the control 
signal C6 of H level, and outputs the control signal DLO 
having the same level as the latched level. 
0079. As illustrated in FIG. 4, the correction circuit 22 
includes an addition circuit 61, a Subtraction circuit 62, and a 
processing circuit 63. 
0080. The addition circuit 61 includes half adders 71 and 
72. The control signal DUO is supplied to an input terminal A 
of the half adder 71. The control signal DL2 is supplied to an 
input terminal B of the half adder 71. A carry terminal C of the 
half adder 71 is coupled to an input terminal B of the half 
adder 72. The half adder 71 adds the control signal DL2 to the 
control signal DU0, and outputs a signal A2 indicating an 
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addition result from a terminal S. Further, the half adder 71 
outputs the carry signal from the carry terminal C. The control 
signal DU1 is supplied to an input terminal A of the half adder 
72. The half adder 72 adds the carry signal from the half adder 
71 to the control signal DU1, and outputs a signal A3 indi 
cating an addition result from a terminal S. Further, the half 
adder 72 outputs a signal A4 from the carry terminal C. 
Further, the addition circuit 61 outputs signals A0 and A1 
having the same level (logical value) as the level (logical 
value) of the control signals DL0 and DL1, respectively. 
0081. The subtraction circuit 62 includes half subtracters 
81 to 84. The signal A1 (control signal DL1) is supplied to an 
input terminal A of the half subtracter 81. A signal of a logical 
value of “1”, which is pulled up by, for example, a resistor, is 
supplied to an input terminal B of the half subtracter 81. A 
borrow terminal Bo of the half subtracter 81 is coupled to an 
input terminal B of the half subtracter 82. The half subtracter 
81 subtracts a logical value of “1” from the signal A1, and 
outputs a signal B1 indicating a subtraction result from a 
terminal D. Further, the half subtracter 81 outputs a borrow 
signal from the borrow terminal Bo. The signal A2 is supplied 
to the input terminal A of the half subtracter 82. A borrow 
terminal Bo of the half subtracter 82 is coupled to an input 
terminal B of the half subtracter 83. The half Subtracter 82 
subtracts the borrow signal of the half subtracter 81 from the 
signal A2, and outputs a signal B2 indicating a subtraction 
result from a terminal D. Further, the half subtracter 82 out 
puts a borrow signal from the borrow terminal Bo. The signal 
A3 is supplied to an input terminal A of the half subtracter 83. 
Aborrow terminal Bo of the half subtracter 83 is coupled to an 
input terminal B of the half subtracter 84. The half subtracter 
83 subtracts the borrow signal of the half subtracter 82 from 
the signal A3, and outputs a signal B3 indicating a subtraction 
result from a terminal D. Further, the half subtracter 83 out 
puts a borrow signal from the borrow terminal Bo. The signal 
A4 from the half adder 72 is supplied to an input terminal A of 
the half subtracter 84. The half subtracter 84 subtracts the 
borrow signal of the half subtracter 83 from the signal A4, and 
outputs a signal B4 indicating a subtraction result from a 
terminal D. Further, the half subtracter 84 outputs a signal B5 
from the borrow terminal Bo. Further, the subtraction circuit 
62 outputs a signal B0 having the same level as the signal A0 
(control signal DLO). 
0082. The processing circuit 63 includes an inverter circuit 
91, AND circuits 92 and 93, EXOR circuits 94 to 96, and an 
OR circuit 97. The inverter circuit 91 logically inverts the 
level of the signal B5 to generate an inverted signal B5x. The 
inverted signal B5x is supplied to the AND circuits 92 and 93. 
The AND circuit 92 performs a logical AND operation on the 
inverted signal B5x and the signal B4 to generate an output 
signal indicating an operation result. The AND circuit 92 
performs a logical AND operation on the inverted signal B5x 
and the signal B0 to generate an output signal indicating an 
operation result. The EXOR circuit 94 performs a logical 
EXOR operation on the signal B4 and the signal B3 to gen 
erate an output signal D3 indicating an operation result. The 
EXOR circuit 95 performs a logical EXOR operation on the 
signal B4 and the signal B2 to generate an output signal D2 
indicating an operation result. The EXOR circuit 96 performs 
a logical EXOR operation on the signal B4 and the signal B1 
to generate an output signal D1 indicating an operation result. 
The OR circuit 97 performs a logical OR operation on the 
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output signal of the AND circuit 92 and the output signal of 
the AND circuit 93 to generate an output signal DO indicating 
an operation result. 
0083. As illustrated in FIG. 6, based on the first control 
signal DU (DU1, DU0) and the second control signal DL 
(DL2 to DL0), the correction circuit 22 generates 5-bit signals 
A4 to A0. Further, based on the signals A4 to A0, the correc 
tion circuit 22 generates 6-bit signals B5 to B0. Then, based 
on the signals B5 to B0, the correction circuit 22 generates 
4-bit digital output signals D3 to D0. Here, the correction 
circuit 22 corrects the lower 4-bit signals B3 to B0 based on 
the upper 2-bit signals B5 and B4, thereby generating the 
digital output signals D3 to D0. 
I0084. The correction circuit 22 generates a sum of a value 
acquired by multiplying N1-bit first control signal DU (DU1, 
DU0) by 2N2A (=2(Nx-N1)) and a value of the second 
control signal DL (DL2 to DL0), as 5-bit signals A4 to A0. 
Subsequently, the correction circuit 22 generates a value 
acquired by subtracting the initial value of '2' from the sum 
(signals A4 to A0), as 6-bit signals B5 to B0. When the upper 
2-bit signals B5 and B4 are “00, the correction circuit 22 
generates the digital output signals D3 to D0 having the same 
level as the lower 4-bit signals B3 to B0. 
I0085. The upper 2-bit signals B5 and B4 are “01” or “11”, 
which means that the lower 4-bit signals B3 to B0 do not fall 
within the range of the digital output signals D3 to D0, that is, 
are in an overflow state. In this case, the correction circuit 22 
executes overflow processing. When the upper 2-bit signals 
B5 and B4 are “01, the correction circuit 22 corrects the 
lower 4-bit signals B3 to B0 based on the signals B5 and B4 
to generate the digital output signals D3 to D0 of “1111'. 
When the upper 2-bit signals B5 and B4 are “11”, the correc 
tion circuit 22 corrects the lower 4-bit signals B3 to B0 based 
on the signals B5 and B4 to generate the digital output signals 
D3 to DO of “OOOO. 
I0086 FIG. 2 illustrates the operation of the controller 21 in 
each comparison step and the relationship between the com 
parison reference signal Vref and redundancy. In FIG. 2, the 
high-order DAC code represents a code of the first control 
signal DU supplied to the first D/A converter 14, and the 
low-order DAC code represents a code of the second control 
signal DL supplied to the second D/A converter 15. The 
comparison reference signal Vref represents an indicator of 
the Voltage value of the comparison reference signal Vref 
Supplied to the comparator 12. 
I0087. In the first comparison, the controller 21 sets the 
high-order DAC code to '2' and the low-order DAC code to 
“2. In this case, the comparison reference signal Vref is 8 
LSB. The redundancy is +2 LSB. 
I0088. In the second comparison, the controller 21 adds 
“+1 to the previous value in the case of the previous com 
parison result of “H” to generate the high-order DAC code, 
and adds “-1 to the previous value in the case of the previous 
comparison result of “L” to generate the high-order DAC 
code. The low-order DAC code remains to be '2''. Conse 
quently, the comparison reference signal Vrefrepresents 12 
LSB acquired by adding +4 LSB to the previous value in the 
case of the previous comparison result of “H”, and represents 
4 LSB acquired by adding -4LSB to the previous value in the 
case of the previous comparison result of “L”. The redun 
dancy is +2 LSB. 
I0089. In the third comparison, the controller 21 sets the 
high-order DAC code to the same value as the previous value 
in the case of the previous comparison result of “H”, and adds 
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“-1 to the previous value in the case of the previous com 
parison result of “L” to generate the high-order DAC code. 
The controller 21 sets the low-order DAC code to “4”. Con 
sequently, the comparison reference signal Vrefrepresents a 
value acquired by adding +2 LSB to the previous value in the 
case of the previous comparison result of “H”, and represents 
a value acquired by adding-2 LSB to the previous value in the 
case of the previous comparison result of “L’. 
0090. In the fourth comparison, the controller 21 sets the 
high-order DAC code to the same value as the previous value. 
The controller 21 adds "+2' to the previous value in the case 
of the previous comparison result of “H” to generate the 
low-order DAC code, and adds '-2' to the previous value in 
the case of the previous comparison result of “L” to generate 
the low-order DAC code. Consequently, the comparison ref 
erence signal Vrefrepresents a value acquired by adding +2 
LSB to the previous value in the case of the previous com 
parison result of “H”, and represents a value acquired by 
adding -2 LSB to the previous value in the case of the previ 
ous comparison result of “L’. 
0091. In the fifth comparison, the controller 21 sets the 
high-order DAC code to the same value as the previous value. 
The controller 21 adds "+1 to the previous value in the case 
of the previous comparison result of “H” to generate the 
low-order DAC code, and adds “-1 to the previous value in 
the case of the previous comparison result of “L” to generate 
the low-order DAC code. Consequently, the comparison ref 
erence signal Vrefrepresents a value acquired by adding +1 
LSB to the previous value in the case of the previous com 
parison result of “H”, and represents a value acquired by 
adding-1 LSB to the previous value in the case of the previ 
ous comparison result of “L’. 
0092 FIG. 7 illustrates the control signals DU and DL and 
the digital output signal DO, which are generated in the 
initialization step and each comparison step. In FIG. 7, arrows 
of solid lines represent the case of the comparison result of 
“H”, and arrows of broken lines represent the case of the 
comparison result of 
0093 FIG. 8A illustrates how the comparison reference 
signal Vref (comparison Voltage) changes according to the 
result of comparison between the analoginput signal VIN and 
the comparison reference signal Vref. FIG.8B illustrates how 
the high-order DAC code (first control signal DU) and the 
low-order DAC code (second control signal DL) change 
according to the comparison signal Sc (comparison result). 
0094. The controller 21 sets the second control signal DL 
for the second D/A converter 15 (low-order DAC) to the 
initial value and performs binary search of the first D/A 
converter 14 (high-order DAC) to sequentially set the bit 
values of the first control signal DU for the first D/A converter 
14. Subsequently, in the state where a binary search result is 
reflected on the first D/A converter 14, the controller 21 
performs binary search of the second D/A converter 15 to 
sequentially set the bit values of the second control signal DL 
for the second D/A converter 15. 

0095 First, as illustrated in FIG. 8B, in the first compari 
son (comparison step T1), the controller 21 sets the control 
signal DU1 to “1” and the control signal DU0 to “0”. Based on 
the setting, as illustrated in FIG. 8A, the comparison refer 
ence signal Vref of 8 LSB is generated. The comparator 12 
compares the comparison reference signal Vref with the ana 
log input signal VIN to generate the comparison signal Sc of 
L level. 
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0096. Next, as illustrated in FIG. 8B, in the second com 
parison (comparison step T2), based on the first comparison 
result, that is, the comparison signal Sc of L level, the con 
troller 21 sets the control signal DU1 to “0” and the control 
signal DU0 to “1”. Based on the setting, as illustrated in FIG. 
8A, the comparison reference signal Vref of 4 LSB is gener 
ated. The comparator 12 compares the comparison reference 
signal Vref with the analog input signal VIN to generate the 
comparison signal Sc of H level. 
(0097. Next, as illustrated in FIG.8B, in the third compari 
son (comparison step T3), based on the second comparison 
result, that is, the comparison signal Sc of H level, the con 
troller 21 keeps the control signal DU1 and the control signal 
DUO to be the previous values. Further, the controller 21 sets 
the control signal DL2 to “1” and the control signal DL1 to 
“0”. Based on the setting, as illustrated in FIG. 8A, the com 
parison reference signal Vref of 6 LSB is generated. The 
comparator 12 compares the comparison reference signal 
Vref with the analog input signal VIN to generate the com 
parison signal Sc of H level. 
0098 Next, as illustrated in FIG. 8B, in the fourth com 
parison (comparison step T4), based on the third comparison 
result, that is, comparison signal Sc of H level, the controller 
21 sets the control signal DL2 to “1” and the control signal 
DL1 to “1”. Based on the setting, as illustrated in FIG. 8A, the 
comparison reference signal Vref of 8 LSB is generated. The 
comparator 12 compares the comparison reference signal 
Vref with the analog input signal VIN to generate the com 
parison signal Sc of L level. 
(0099 Next, as illustrated in FIG. 8B, in the fifth compari 
son (comparison step T5), based on the fourth comparison 
result, that is, the comparison signal Sc of L level, the con 
troller 21 sets the control signal DL1 to “0” and the control 
signal DLO to “1”. Based on the setting, as illustrated in FIG. 
8A, the comparison reference signal Vref of 7 LSB is gener 
ated. The comparator 12 compares the comparison reference 
signal Vref with the analog input signal VIN to generate the 
comparison signal Sc of H level. 
0100 Next, as illustrated in FIG. 8B, in the comparison 
end step Te, based on the fifth comparison result, that is, the 
comparison signal Sc of H level, the controller 21 sets the 
control signal DL0 to “1”. 
0101. In comparison steps T1 to T5 and comparison end 
step Te described above, the 2-bit value “01” of the first 
control signal DU and the 3-bit value “101 of the second 
control signal DL are determined. 
0102 The digital output signal DO is generated by cor 
recting the first control signal DU and the second control 
signal DL. In the first D/A converter 14 (high-order DAC), the 
first control signal DU“01 corresponds to an analog value of 
4 LSB. In the second D/A converter 15 (low-order DAC), the 
second control signal DL of “101 corresponds to an analog 
value of 5 LSB. In the initial state, the second control signal 
DL is set to 2 LSB. Accordingly, the digital output signal DO 
is generated by acquiring a sum of a value acquired by mul 
tiplying a value of the first control signal DU by 2N2A and a 
value of the second control signal DL, and Subtracting the 
initial value from the Sum. That is, the digital output signal 
DO is generated as 7 LSB (=4 LSB+5 LSB-2 LSB). 
0103) In FIG. 8A, a hatching region represents a compari 
son range in each of the comparison steps T1 to T5. In the first 
comparison (comparison step T1), the range of the analog 
input signal VIN compared with the comparison reference 
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signal Vref is 0 LSB to 16 LSB. In binary search, the com 
parison reference signal Vref is set to a center value of the 
comparison range. 
0104 Following the first comparison, the comparison 
range is limited to 0 LSB to 8 LSB. That is, in the second 
comparison (comparison step T2) in FIG. 8A, the range of the 
analog input signal VIN compared with the comparison ref 
erence signal Vref is 0 LSB to 8 LSB. In the second compari 
son, the first control signal DU of the first D/A converter 14 is 
set to 4 LSB. Following the second comparison, the compari 
son range is narrowed to 4 LSB to 8 LSB. That is, in the third 
comparison (comparison step T3) in FIG. 8A, the first control 
signal DU of the first D/A converter 14 is set to 6 LSB. 
0105. When the first control signal DU of the first D/A 
converter 14 is determined, binary search of the second D/A 
converter 15 is performed. In the A/D conversion circuit 10 in 
FIG.3 and FIG.4, the second D/A converter 15 is a 3-bit D/A 
converter, and the second capacitor 17 generates the second 
reference signal Vr2 in therange of OLSB to 8 LSB. When the 
second D/A converter 15 outputs the second reference signal 
Vr2 having an intermediate value (4 LSB) in the output vari 
able range, the comparison range of the A/D conversion cir 
cuit 10 is set to 2 LSB to 10 LSB based on the first reference 
signal Vr1 outputted from the first D/A converter 14. 
0106 The comparison range of 2 LSB to 10 LSB overlaps 
a range that is not limited by the first comparison, that is, 8 
LSB to 10 LSB. That is, in the third comparison, the com 
parison range of 2 LSB to 10 LSB overlaps a range that is not 
selected based on the first comparison result, and comparison 
with the analog input signal VIN is performed in the overlap 
range. Such overlap range (+2 LSB) is redundancy with the 
first comparison. In FIG. 8A, the overlap region is expressed 
by hollow arrows. 
0107 The comparison range of 2 LSB to 10 LSB overlaps 
a range that is not limited by the second comparison, that is, 
2 LSB to 4 LSB. That is, in the third comparison, the com 
parison range of 2 LSB to 10 LSB overlaps a range that is not 
selected based on the second comparison result, and compari 
son with the analog input signal VIN is performed in the 
overlap range. Such overlap range (-2 LSB) is redundancy 
with the first comparison. 
0108. This also applies to the case where the analog input 
signal VIN is larger than 8 LSB, and redundancy of -2 LSB 
with respect to the first comparison is set, and this also applies 
to the case where the analog input signal VIN is Smaller than 
4 LSB, and redundancy of +2 LSB with respect to the second 
comparison is set. Consequently, the redundancy in the first 
comparison is +2 LSB. Similarly, the redundancy in the sec 
ond comparison is +2 LSB. In FIG. 8A, the range of redun 
dancy is expressed by arrows. 
0109 FIG. 9A illustrates how the comparison reference 
signal Vref (comparison Voltage) changes according to the 
result of comparison between the analoginput signal VIN and 
the comparison reference signal Vref. FIG.9B illustrates how 
the high-order DAC code (first control signal DU) and the 
low-order DAC code (second control signal DL) change 
according to the comparison signal Sc (comparison result). 
0110. As illustrated in FIG.9A, the comparison reference 
signal Vref changes depending on the capacitance values of 
the capacitors 16 and 17 and the like. When high-order bits 
are changed, that is, the control signal DU1 of the high-order 
DAC code (first control signal DU) is changed, the amount of 
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change of the comparison reference signal Vref becomes 
maximum. It takes a relatively long time to settle the com 
parison reference signal Vref. 
0111 For example, when time necessary for settling the 
comparison reference signal Vref changes due to a change in 
temperature or Voltage, erroneous determination (erroneous 
comparison) may occur. In the example illustrated in FIG. 
9A, in the first comparison (comparison step T1), erroneous 
determination occurs, generating the comparison signal Sc of 
H level. In this case, as illustrated in FIG.9B, in the second 
comparison (comparison step T2), based on the first compari 
son result (comparison signal Sc of H level), the controller 21 
sets the control signal DU1 to “1” and the control signal DU0 
to “1”. Based on the setting, as illustrated in FIG. 9A, the 
comparison reference signal Vrefrises to 12 LSB. As a result, 
the comparator 12 compares the comparison reference signal 
Vref with the analog input signal VIN to generate the com 
parison signal Sc of L level. 

0112 Next, as illustrated in FIG.9B, in the third compari 
son (comparison step T3), based on the second comparison 
result (comparison signal Sc of L level), the controller 21 
keeps the control signal DU1 to be the previous value, and sets 
the control signal DU0 to “0” (the previous value-1). Further, 
the controller 21 sets the control signal DL2 to “1” and the 
control signal DL1 to “0”. Based on the setting, as illustrated 
in FIG.9A, the comparison reference signal Vref changes to 
10 LSB. In this case, by charging and discharging of the 
capacitors 16 and 17 illustrated in FIG. 3, the comparison 
reference signal Vrefrises and then is settled to a set value (10 
LSB). The comparator 12 compares the comparison reference 
signal Vref with the analog input signal VIN to generate the 
comparison signal Sc of L level. 
0113. In comparison step T3, the comparison range is 6 
LSB to 14 LSB having the set value (10 LSB) as the center. 
The analog input signal VIN is included in the comparison 
range. That is, the analog input signal VIN is included in the 
range of redundancy (-2 LSB) with respect to the first com 
parison. Thus, the comparison reference signal Vref com 
pared with the analog input signal VIN may be set through 
binary search of the low-order DAC. That is, first erroneous 
determination (erroneous determination of the high-order 
DAC) may be corrected by binary search of the low-order 
DAC. 

0114. Next, as illustrated in FIG.9B, in the fourth com 
parison (comparison step T4), based on the third comparison 
result, that is, the comparison signal Sc of L level, the con 
troller 21 sets the control signal DL2 to “0” and the control 
signal DL1 to “1”. Based on the setting, as illustrated in FIG. 
9A, the comparison reference signal Vref changes to 8 LSB. 
The comparator 12 compares the comparison reference signal 
Vref with the analog input signal VIN to generate the com 
parison signal Sc of L level. 
0115) Next, as illustrated in FIG.9B, in the fifth compari 
son (comparison step T5), based on the fourth comparison 
result, that is, the comparison signal Sc of L level, the con 
troller 21 sets the control signal DL1 to “0”, and control signal 
DL0 to “1”. Based on the setting, as illustrated in FIG.9A, the 
comparison reference signal Vref changes to 7 LSB. The 
comparator 12 compares the comparison reference signal 
Vref with the analog input signal VIN to generate the com 
parison signal Sc of H level. 
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0116. Next, as illustrated in FIG.9B, in comparison end 
step Te, based on the fifth comparison result, that is, the 
comparison signal Sc of H level, the controller 21 sets the 
control signal DL0 to “1”. 
0117. In comparison steps T1 to T5 and comparison end 
step Te described above, the 2-bit value “10 of the first 
control signal DU and the 3-bit value "001 of the second 
control signal DL are determined. The digital output signal 
DO is generated by correcting the first control signal DU and 
the second control signal DL. In this case, the digital output 
signal DO is generated as 7 LSB (8 LSB+1 LSB-2 LSB). 
This generates the same result as in the case where erroneous 
determination does not occur. 
0118. Next, an A/D conversion circuit 200 in a comparison 
example will now be described below. 
0119. As illustrated in FIG. 13, the A/D conversion circuit 
200 converts the analog input signal VIN into 4-bit digital 
output signal DO (D3 to D0). 
0120 A/D conversion circuit 200 includes a sample-hold 
circuit 201, a comparator 202, an SAR logic circuit 203, 
digital-analog converters (hereinafter referred to as D/A con 
verter) 204 and 205, capacitors 206 and 207, and a switch 208. 
0121 The sample-hold circuit 201 performs in the same 
manner as the sample-hold circuit 11 in FIG.1. The compara 
tor 202 performs in the same manner as the comparator 12 in 
FIG 1. 

0122. The first D/A converter 204 and the second D/A 
converter 205 each are a 2-bit D/A converter. The capacitor 
207 coupled to the output terminal of the second D/A con 
verter 205 has a reference capacitance value C. The capacitor 
206 coupled to the output terminal of the first D/A converter 
204 has a capacitance value C22 corresponding to the num 
ber of bits of the Second D/A converter 205. 
0123. The SAR logic circuit 203 generates a first control 
signal SU for the first D/A converter 204 and a second control 
signal SL for the second D/A converter 205. Based on the 
comparison result, that is, the comparison signal Sc from the 
comparator 202, the SAR logic circuit 203 sequentially sets 
bit values of the first control signal SU and bit values of the 
second control signal SL. The first control signal SU is gen 
erated as upper 2-bit digital output signals D3 and D2, and the 
second control signal SL is generated as lower 2-bit digital 
output signals D1 and D0. 
0.124. The SAR logic circuit 203 includes a counter 211, a 
decoder 212, and setting registers 213 and 214. The setting 
register 213 corresponding to the high-order DAC code (first 
control signal SU) includes flip-flop circuits 221 and 222. The 
setting register 214 corresponding to the low-order DAC code 
(second control signal SL) includes flip-flop circuits 223 and 
224. 

0.125. The A/D conversion circuit 200 sets the comparison 
reference signal Vref though binary search, and repeats the 
operation of comparing the comparison reference signal Vref 
with the analog input signal VIN four times, thereby setting 
the bit values of the first and second control signals SU and 
SL 

0126. As illustrated in FIG. 14A, the comparison refer 
ence signal Vref changes depending on the capacitance value 
of the capacitors 206 and 207 and the like. When the high 
order bits are changed, that is, the output signal D3 of the 
high-order DAC code (first control signal SU) is changed, the 
amount of change of the comparison reference signal Vref 
becomes maximum. It takes a relatively longtime to settle the 
comparison reference signal Vref. 
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I0127. For example, when time necessary for settling the 
comparison reference signal Vref changes due to a change in 
temperature or Voltage, erroneous determination (erroneous 
comparison) may occur. In the example illustrated in FIG. 
14A, in the first comparison (comparison step T1), erroneous 
determination occurs, generating the comparison signal Sc of 
H level. In this case, as illustrated in FIG. 14B, in the second 
comparison (comparison step T2), based on the first compari 
son result (comparison signal Sc of H level), the SAR logic 
circuit 203 sets the output signal D3 to “1” and the output 
signal D2 to “1”. Based on the setting, as illustrated in FIG. 
14A, the comparison reference signal Vrefrises to 12 LSB. As 
a result, the comparator 202 compares the comparison refer 
ence signal Vref with the analog input signal VIN to generate 
the comparison signal Sc of L level. 
0128. Next, as illustrated in FIG. 14B, in the third com 
parison (comparison step T3), based on the second compari 
son result (comparison signal Sc of L level), the SAR logic 
circuit 203 keeps the output signal D3 to be the previous 
value, and sets the output signal D2 to “0” (the previous 
value-1). Further, the SAR logic circuit 203 sets the output 
signal D1 to “1” and the output signal DO to “0”. Based on the 
setting, as illustrated in FIG. 14A, the comparison reference 
signal Vreflowers to 10 LSB. The comparator 202 compares 
the comparison reference signal Vref with the analog input 
signal VIN to generate the comparison signal Sc of L level. 
I0129. Next, in the fourth comparison (comparison step 
T4), based on the third comparison result (comparison signal 
Sc ofL level), the SAR logic circuit 203 sets the output signal 
D1 to “0” and the output signal DO to “1”. Based on the 
setting, as illustrated in FIG. 14A, the comparison reference 
signal Vref changes to 9 LSB. The comparator 202 compares 
the comparison reference signal Vref with the analog input 
signal VIN to generate the comparison signal Sc of L level. 
0.130 Next, in comparison end step Te, based on the fourth 
comparison result, that is, the comparison signal Sc ofL level. 
the SAR logic circuit 203 sets the output signal D0 to “0”. 
I0131. In comparison steps T1 to T4 and comparison end 
step Te described above, 2-bit value “10 of the first control 
signal SU and 2-bit value"00' of the second control signal SL 
are determined. In this case, the digital output signal DO is 
generated as 8 LSB and includes an error of t0.5 LSB or more 
from the analog input signal VIN. 
(0132. In the A/D conversion circuit 200 illustrated in FIG. 
13, the 2-bit D/A converters 204 and 205 may generate the 
control signals SU and SL according to a non-binary search 
algorism Such that the comparison reference signal Vref has 
redundancy. In this case, the configuration of the SAR logic 
circuit 203 in FIG. 13 is changed. 
0.133 FIG. 15 illustrates the setting of the comparison 
reference signal Vref in non-binary search and the redun 
dancy. 
I0134) First, in the first comparison, the comparison refer 
ence signal Vref is set to 8 LSB. The redundancy is +2 LSB. 
I0135) Next, in the second comparison, when the previous 
comparison result is “H”, a new comparison reference signal 
Vref is generated by adding +3 LSB to the previous compari 
son reference signal Vref. When the previous comparison 
result is 'L', a new comparison reference signal Vref is gen 
erated by adding -3 LSB to the previous comparison refer 
ence signal Vref. The redundancy is +1 LSB. 
0.136. In the third comparison, when the previous compari 
son result is “H”, a new comparison reference signal Vref is 
generated by adding +2 LSB to the previous comparison 
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reference signal Vref. When the previous comparison result is 
'L', a new comparison reference signal Vref is generated by 
adding -2 LSB to the previous comparison reference signal 
Vref. The redundancy is +1 LSB. 
0.137 Next, in the fourth comparison, when the previous 
comparison result is “H”, a new comparison reference signal 
Vref is generated by adding +1 LSB to the previous compari 
son reference signal Vref. When the previous comparison 
result is 'L', a new comparison reference signal Vref is gen 
erated by adding -1 LSB to the previous comparison refer 
ence signal Vref. In this case, there is no redundancy. 
0.138. Then, in the fifth comparison, when the previous 
comparison result is “H”, a new comparison reference signal 
Vref is generated by adding +1 LSB to the previous compari 
son reference signal Vref. When the previous comparison 
result is 'L', a new comparison reference signal Vref is gen 
erated by adding -1 LSB to the previous comparison refer 
ence signal Vref. In this case, there is no redundancy. 
0139 FIG. 16A illustrates a change in the comparison 
reference signal Vref in non-binary search, and FIG. 16B 
illustrates setting of the control signals SU and SL with 
respect to the comparison signal Sc. 
0140. As illustrated in FIG. 16A, in the first comparison 
(comparison step T1), the comparison reference signal Vref 
changes in the same manner as the comparison reference 
signal Vref in FIG. 14. Therefore, in the first comparison, 
erroneous determination occurs, generating the comparison 
signal Sc of H level. In this case, as illustrated in FIG.16B, in 
the second comparison (comparison step T2), based on the 
first comparison result (comparison signal Sc of H level), the 
SAR logic circuit 203 sets the output signal D3 to “1, the 
output signal D2 to “0”, the output signal D1 to “1”, and the 
output signal DO to “1”. Based on the setting, as illustrated in 
FIG. 16A, the comparison reference signal Vref rises to 11 
LSB. The comparator 202 compares the comparison refer 
ence signal Vref with the analog input signal VIN to generate 
the comparison signal Sc of L level. 
0141 Next, as illustrated in FIG. 16B, in the third com 
parison (comparison step T3), based on the second compari 
son result (comparison signal Sc of L level), the SAR logic 
circuit 203 sets the output signal D3 to “1” and the output 
signal D2 to “0”. Further, the SAR logic circuit 203 sets the 
output signal D1 to “0” and the output signal DO to “1”. 
Based on the setting, as illustrated in FIG.16A, the compari 
son reference signal Vref changes to 9 LSB. The comparator 
202 compares the comparison reference signal Vref with the 
analog input signal VIN to generate the comparison signal Sc 
of L level. 
0142 Next, in the fourth comparison (comparison step 
T4), based on the third comparison result (comparison signal 
Sc of L level), the SAR logic circuit 203 sets the output signal 
D3 to “1” and the output signal D2 to “0”. Further, the SAR 
logic circuit 203 sets the output signal D1 to “0” and the 
output signal DO to “0”. Based on the setting, as illustrated in 
FIG. 16A, the comparison reference signal Vref changes to 8 
LSB. The comparator 202 compares the comparison refer 
ence signal Vref with the analog input signal VIN to generate 
the comparison signal Sc of L level. 
0143 Next, in the fifth comparison (comparison step T5), 
based on the fourth comparison result (comparison signal Sc 
ofL level), the SAR logic circuit 203 sets the output signal D3 
to “0” and the output signal D2 to “1”. Further, the SAR logic 
circuit 203 sets the output signal D1 to “1” and the output 
signal DO to “1”. At this time, comparison reference signal 
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Vref largely rises by charging in the capacitor 207 having a 
Small capacitance value and then, lowers to a set value (7 
LSB) by discharging in the capacitor 206. Such change in the 
comparison reference signal Vref contributes to erroneous 
determination. That is, the comparison signal Sc of L level is 
generated. As a result, as illustrated in FIG. 16B, in Compari 
son end step Te, based on the fifth comparison result, that is, 
the comparison signal Sc of Llevel, the SAR logic circuit 203 
sets the output signal D3 to “0” and the output signal D2 to 
“1”. Further, the SAR logic circuit 203 sets the output signal 
D1 to “1” and the output signal DO to “0”. Consequently, the 
digital output signal DO is generated as 6 LSB, and includes 
an error of +0.5 LSB or more from the analog input signal 
VIN. That is, in non-binary search, the output signal to the 
high-order DAC is changed when the low-order DAC code is 
set, erroneous determination may occur. Since redundancy is 
not set in Such comparison step, the error caused by erroneous 
determination may not be corrected. 
0144. On the contrary, in the A/D conversion circuit 10 in 
the embodiment, when the second control signal DL (low 
order DAC code) for the second D/A converter 15 (low-order 
DAC) is set, the first control signal DU for the first D/A 
converter 14 (high-order DAC) is not changed. Thus, a large 
change in the comparison reference signal Vref is Suppressed. 
This Suppresses the occurrence of erroneous determination in 
the comparison step in which redundancy is not set. Thus, the 
accuracy of the digital output signal DO is Suppressed from 
lowering. 
(0145 Next, the conversion rate of the A/D conversion 
circuit 10 will now be described. 
0146 The conversion rate corresponds to the settling time 
of the comparison reference signal Vref generated from the 
output signals Va and Vb of the D/A converters 14 and 15 
illustrated in FIG. 1. In the A/D conversion circuit 10, the 
comparison step transits according to the cycles of the clock 
signal CLK. In the A/D conversion circuit having no redun 
dancy, the comparison reference signal Vref has to be settled 
to a required level within 0.5 LSB. In the A/D conversion 
circuit having redundancy, the comparison reference signal 
Vref has to be settled to a required level within the redun 
dancy--0.5 LSB. One cycle time is set to be longer than 
settling time at the time when the comparison reference signal 
Vref changes the most. 
0147 Conversion time of the A/D conversion circuit for 
generating 4-bit digital output signal DO, that is, the A/D 
conversion circuit 10 illustrated in FIG. 3 and FIG. 4 and 
conversion time of the A/D conversion circuit 200 illustrated 
in FIG. 13 will now be described below. 
0.148. In the non-binary search algorism illustrated in FIG. 
15, settling time necessary for each offive comparisons in the 
D/A converters 204 and 205 will now be described. 
0149 For example, in FIG. 13, an output impedance of 
each of the D/A converters 204 and 205 is defined as R, and an 
input capacitance of the comparator 202 is defined as C. 
0150. The capacitance value with respect to the D/A con 
verter 204 is set as follows. 

0151. The capacitance value with respect to the D/A con 
verter 205 is set as follows. 

0152 
follows. 

Thus, settling time in each comparison step is as 
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0153. Accordingly, time required to complete conversion 
is as follows. 

0154 Next, the A/D conversion circuit 10 in this embodi 
ment will now be described. 
0155 Similarly, in FIG. 3, an output impedance of each of 
the D/A converters 14 and 15 is defined as R, and an input 
capacitance of the comparator 12 is defined as C. 
0156 The capacitance value with respect to the D/A con 
verter 14 is set as follows. 

0157. The capacitance value with respect to the D/A con 
verter 15 is set as follows. 

0158 Thus, the settling time in each comparison step is set 
as follows. 

0159. Accordingly, time required to complete conversion 
is as follows. 

0160 Thus, as compared with the comparison example, in 
this embodiment, each comparison cycle time (for example, 
one cycle of the clock signal CLK (one cycle time)) may be 
decreased. As a result, time required to complete A/D con 
version may be decreased. As the number of bits of the digital 
output signal DO is larger, the time is decreased. 
0161 For example, in the 10-bit A/D conversion circuit 
(5-bit high-order DAC and 5-bit low-order DAC), the capaci 
tance value with respect to the high-order DAC is set as 
follows. 

0162 The capacitance value with respect to the low-order 
DAC is set as follows. 
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0163 Thus, in non-binary search, the settling time when 
the output signal D3 changes in the tenth comparison is as 
follows. 

0164. Accordingly, time required to complete conversion 
is as follows. 

0.165. On the contrary, in binary search, the settling time in 
the first comparison is the longest as described below. 

0166 Accordingly, time required to complete conversion 
is as follows. 

0167. In this embodiment, the high-order DAC is set to 5 
bits, and the low-order DAC is set to 6 bits. The capacitance 
value with respect to the high-order DAC is set as follows. 

0.168. The capacitance value with respect to the low-order 
DAC is set as follows. 

0169. In this case, the settling time in the sixth comparison 
is the longest as described below. 

0170 Accordingly, time required to complete conversion 
is as follows. 

0171 Thus, as compared with the comparison example 
(binary search and non-binary search using 5-bit high-order 
DAC and low-order DAC), time required to complete conver 
sion is decreased. 

0172. The present embodiment has the advantages 
described below. 

0173 (1) The A/D conversion circuit 10 converts the ana 
log input signal VIN into NX (=N1+N2A)-bit digital output 
signal DO. The A/D conversion circuit 10 includes the first 
D/A converter 14 and the second D/A converter 15. The first 
D/A converter 14 generates the output signal Va based on the 
first control signal DU of N1 bits corresponding to the number 
of high-order bits of the digital output signal DO. The second 
D/A converter 15 generates the output signal Vb based on the 
second control signal DL of N2B (N2A+K) bits correspond 
ing to the sum of the number of low-order bits N2A of the 
digital output signal DO and the number of bits K of the 
correction signal. The comparison reference signal Vref is 
generated according to the output signal Va of the first D/A 
converter 14 and the output signal Vb of the second D/A 
converter 15. The comparator 12 compares the comparison 
reference signal Vref with the analog input signal VIN to 
generate the comparison signal Sc. The SAR logic circuit 13 
includes the controller 21 and the correction circuit 22. The 
controller 21 sets the bit values of the first control signal DU 
and the bit values of the second control signal DL in accor 
dance with the comparison signal Sc. The correction circuit 
22 generates the digital output signal DO based on the Sum of 
the value acquired by multiplying the value of the first control 
signal DU by 2 (Nx-N1) and the value of the second control 
signal DL. 
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0.174. The number of bits of the second control signal DL 
supplied to the second D/A converter 15 is set to N2B bits 
corresponding to the sum of the number of low-order bits 
N2A of the digital output signal DO and the number of bits K 
of the correction signal. With this configuration, the compari 
son range used in comparison with the comparison reference 
signal Vref changed based on the output signal Vb of the 
second D/A converter 15 overlaps the comparison range used 
in comparison with the comparison reference signal Vref 
generated based on the output signal Va of the first D/A 
converter 14. Thus, the result of erroneous determination may 
be corrected by using redundancy caused by overlapping. 
This may prevent the accuracy of the digital output signal DO 
from lowering. 
0175 (2) The number of bits, and the output voltage range, 
of the second D/A converter 15 are set such that the second 
reference signal Vr2 is generated in the Voltage range that is 
larger than the amount of change of the output Voltage (first 
reference signal Vr1) of the first D/A converter 14 in one step. 
Then, the comparison reference signal Vref offset from the 
composite Voltage of the first and second reference signals 
Vr1 and Vr2 according to the number of bits K of the correc 
tion signal is Supplied to the comparator 12. The comparator 
12 compares the comparison reference signal Vref with the 
analog input signal VIN to generate the comparison signal Sc 
indicating the comparison result. 
(0176 When values of the low-order bits of the control 
signal DL are sequentially determined, the comparison refer 
ence signal Vref having the same value is generated without 
changing the bit values of the control signal DU. For example, 
in both of the cases where “11/100” is changed to “11/010” 
and where “10/100” is changed to “10/110, the same com 
parison reference signal Vref of 12 LSB is supplied to the 
comparator 12. In this case, in comparison steps T4 and T5. 
the first reference signal Vr1 does not change with respect to 
the capacitor 16 having a large capacitance value. Thus, a 
large change in the comparison reference signal Vref is Sup 
pressed. This Suppresses erroneous determination at the time 
when the values of the low-order bits of the control signal DL 
are determined. As a result, the digital output signal DO may 
be generated with high accuracy. 
0177. It should be apparent to those skilled in the art that 
the above embodiment may be embodied in many other spe 
cific forms without departing from the scope of the invention. 
Particularly, it should be understood that the above embodi 
ment may be embodied in the following forms. 
0178. In the embodiment, the number of bits NX of the 
digital output signal DO, the number of bits N1 of the first 
D/A converter 14, the number of bits N2B of the second D/A 
converter 15, and the number of bits Kof the correction signal 
may be appropriately changed. For example, the number of 
bits NX of the digital output signal DO may be “6”, the 
number of bits N1 of the first D/A converter 14 may be “3”, 
the number of bits N2B of the second D/A converter 15 
(=N2A+K) may be “5”, and the number of bits K of the 
correction signal may be “2. Alternatively, the number of 
bits NX of the digital output signal DO may be “6”, the 
number of bits N1 of the first D/A converter 14 may be “4”, 
the number of bits N2B of the second D/A converter 15 may 
be “5”, and the number of bits K of the correction signal may 
be “3. 

0179. In the embodiment, the reference voltages VRH and 
VRL having the same voltage value is supplied to the first 
D/A converter 14 and the second D/A converter 15. The first 
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reference signal Vr1 in the range of 0 to 16 LSB and the 
second reference signal Vr2 in the range of 0 to 8 LSB are 
generated based on the capacitance ratio of the capacitors 16 
and 17. However, as long as the desired comparison reference 
signal Vref may be generated, the reference voltages VRH 
and VRL supplied to the D/A converters 14 and 15 and the 
capacitance ratio of the capacitors 16 and 17 may be appro 
priately changed. 
0180 For example, the reference voltage having the same 
Voltage value as the Voltage range FSR of the analog input 
signal VIN may be supplied to the first D/A converter 14, and 
the reference voltage having a voltage value of /2 of the 
voltage range FSR may be supplied to the second D/A con 
verter 15. The low potential-side reference voltage VRL sup 
plied to the D/A converters 14 and 15 is OIV). The capacitance 
value of the capacitors 16 and 17 is set to the reference 
capacitance C. 
0181 An amplifier for amplifying the output signal Va of 
the first D/A converter 14 and an amplifier for amplifying the 
output signal Vb of the second D/A converter 15 may be 
provided. In this case, the capacitance values C1 and C2 of the 
capacitors 16 and 17 may be set according to amplification 
ratios of the respective amplifiers. 
0182. At least one of the first D/A converter 14 and the 
second D/A converter 15 may be a current output digital 
analog converter. 
0183 All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the principles of the invention and the con 
cepts contributed by the inventor to furthering the art, and are 
to be construed as being without limitation to Such specifi 
cally recited examples and conditions, nor does the organiza 
tion of Such examples in the specification relate to an illus 
tration of the superiority and inferiority of the invention. 
Although embodiments of the present invention have been 
described in detail, it should be understood that various 
changes, Substitutions, and alterations could be made hereto 
without departing from the spirit and scope of the invention. 

1. An analog-digital conversion circuit that converts an 
analog input signal into a digital output signal, the analog 
digital conversion circuit comprising: 

a comparator including a first input terminal that receives 
the analog input signal; 

a controller configured to generate a first signal and a 
second signal in accordance with an output signal from 
the comparator, 

a first digital-analog converter configured to generate a first 
reference signal based on the first signal; 

a second digital-analog converter configured to generate a 
second reference signal based on the second signal; 

a first capacitive element including a first terminal that 
receives the first reference signal and a second terminal 
coupled to a second input terminal of the comparator; 

a second capacitive element including a first terminal that 
receives the second reference signal and a second termi 
nal coupled to the second input terminal of the compara 
tor, and 

a correction circuit configured to correct the first signal and 
the second signal to generate the digital output signal, 
wherein 

the first signal is an N1-bit digital signal, 
the second signal is an N2B-bit digital signal acquired by 

adding a Kbit correction signal to an N2A-bit signal, 
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the controller is configured to sequentially set bit values of 
the first signal and bit values of the second signal in 
accordance with the output signal of the comparator, and 

the correction circuit is configured to generate the digital 
output signal of (N1+N2A) bits based on a sum of a 
value acquired by multiplying the N1-bit digital signal 
generated by the controller by 2N2A and a value of the 
N2B-bit digital signal generated by the controller. 

2. The analog-digital conversion circuit according to claim 
1, wherein 

the controller is configured to set the bit values of the 
second signal through binary search after setting the bit 
values of the first signal through binary search. 

3. The analog-digital conversion circuit according to claim 
1, wherein 

the controller is configured to set an initial value according 
to the correction signal to the first signal and the second 
signal and control a Switch coupled to a node between 
the first capacitive element, the second capacitive ele 
ment, and the comparator to initialize an electrical 
charge of each of the first and second capacitive ele 
mentS. 

4. The analog-digital conversion circuit according to claim 
3, wherein 

the correction circuit is configured to generate a signal 
having low-order (N1+N2A) bits and high-order bits by 
Subtracting the initial value from the Sum and generate 
the digital output signal by correcting the low-order 
(N1+N2A) bits based on the high-order bits. 

5. The analog-digital conversion circuit according to claim 
1, wherein 

a ratio of a capacitance value of the first capacitive element 
to a capacitance value of the second capacitive element 
is set according to the number of bits (K) of the correc 
tion signal and a difference (N2A) between the number 
of bits (N1+N2A) of the digital output signal and the 
number of bits (N1) of the first signal. 

6. An analog-digital conversion circuit that converts an 
analog input signal into a digital output signal, the analog 
digital conversion circuit comprising: 

a first digital-analog converter configured to output a signal 
according to a first signal; 

a second digital-analog converter configured to output a 
signal according to a second signal; 

a signal generation circuit configured to generate a com 
parison reference signal based on an initial value accord 
ing to the number of bits of a correction signal, an output 
signal of the first digital-analog converter, and an output 
signal of the second digital-analog converter, 

a comparator configured to compare the analog input sig 
nal with the comparison reference signal to generate a 
comparison signal; 
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a controller configured to control the first and second digi 
tal-analog converters inaccordance with the comparison 
signal; and 

a correction circuit configured to correct the first signal and 
the second signal to generate the digital output signal, 
wherein 

the first signal is an N1-bit digital signal, 
the second signal is an N2B-bit digital signal acquired by 

adding the Kbit correction signal to an N2A-bit signal, 
the controller sequentially is configured to set bit values of 

the first signal and bit values of the second signal in 
accordance with the comparison signal, and 

the correction circuit is configured to generate the digital 
output signal of (N1+N2A) bits based on a sum of a 
value acquired by multiplying the N1-bit digital signal 
generated by the controller by 2N2A and a value of the 
N2B-bit digital signal generated by the controller. 

7. The analog-digital conversion circuit according to claim 
6, wherein the signal generation circuit includes 

a first capacitive element including a first terminal coupled 
to the first digital-analog converter and a second termi 
nal coupled to the comparator, 

a second capacitive element including a first terminal 
coupled to the second digital-analog converter and a 
second terminal coupled to the comparator, and 

a switch coupled to a node between the first capacitive 
element, the second capacitive element, and the com 
parator. 

8. An analog-digital conversion method for converting an 
analog input signal into a digital output signal, the method 
comprising: 

generating a first reference signal based on an N1-bit first 
signal; 

generating a second reference signal based on an (N2A+ 
K)-bit second signal including a Kbit correction signal; 

combining the first reference signal with the second refer 
ence signal to generate a comparison reference signal; 

comparing the analog input signal with the comparison 
reference signal to generate a comparison signal; 

setting bit values of the first signal according to the com 
parison signal through binary search; 

after setting the bit values of the first signal, setting bit 
values of the second signal according to the comparison 
signal through binary search; and 

generating the digital output signal of (N1+N2A) bits 
based on a sum of a value acquired by multiplying the 
N1-bit first signal by 2N2A and a value of the (N2A+ 
K)-bit second signal. 

k k k k k 


